INTRODUCTION
Many conjugative plasmids have been isolated from Streptomyces species (Bibb et al., 1977 Hopwood et al., 1984; Akagawa et al., 1984) . This conjugative ability is often associated with the formation of clear zones or 'pocks' around colonies of the plasmid-carrying strain plated on the lawn of the plasmid-free strain ('lethal-zygosis' phenotype : Bibb et al., 1977) . Subsequently, pock formation was found to be useful in detection of transformants with these plasmid DNAs. Several useful vectors containing selective antibiotic resistance markers for cloning in Streptomyces have been constructed from pock-forming plasmids (Bibb et al., 1980; Thompson et al., 1980; Kieser et al., 1982; Lydiate et al., 1985) .
Some of the conjugative plasmids, such as SCP2* plasmids, which arose as spontaneous segregants or mutants of the natural plasmid SCP2 , and pIJlOl (Kieser et al., 1982) , have been reported to increase the frequency of genetic exchange between strains. For example, the SCP2* plasmid enhances chromosomal recombination between two strains of Streptomyces coelicolor by five orders of magnitude.
Streptomyces kasugaensis MB273 produces aureothricin and kasugamycin and harbours three species of plasmids, pSK1, pSK2 and pSK3. Recently, two spontaneous mutants of pSKl and pSK2 with increased pock-forming ability (pSK 1 * and pSK2*) have been isolated from strains carrying pSK 1 or pSK2 and characterized in terms of their unique endonuclease cleavage sites in DNA regions non-essential for pock formation (Akagawa et al., 1984) . In this report we describe the isolation of strains bearing only pSK3*, which also exhibit a high pock-forming ability, and appear to carry a composite plasmid consisting of pSKI* and pSK2*. 
METHODS
Bacterial strains and media. Streptomyces kasugaensis strains used and generated in this study are listed in Table  1 . GMY and MM agar media and GIPYG medium for submerged cultivation have been described previously (Akagawa et al., 1984) . MM was supplemented with histidine (50 pg ml-l) or 1 % (w/v) glucose instead of maltose, where appropriate. R3 and PWP media for protoplast preparation and regeneration were described by Shirahama et al. (1981) .
DNA preparation, restriction endonuclease digestion, DNA ligation and agarose gel electrophoresis. These were performed as described previously (Akagawa et al., 1984) . Chromosomal DNA was prepared from a plasmid-free strain, AlR6. HindIII-digested phage 1 DNA used as the size marker was purchased from Nippon Gene Co.
Restriction endonucleases and T4 DNA ligase were purchased from Takara Shuzo Kaisha Co. or BoehringerMannheim Yamanouchi Co.
Detection ofpock formation and plasmids. These were detected as described previously (Akagawa et al., 1984) . Preparation, regeneration and transformation of protoplasts. S. kasugaensis protoplasts were prepared and regenerated as described previously (Akagawa et al., 1984) . Transformation was carried out as follows. To 0.1-2.0 pg DNA in 20 pl DSB (10 mM-Tris/HCI buffer, pH 7.6; 10 mM-NaCI; 1 mM-EDTA, disodium salt) in an autoclaved test tube ( 5 ml), lop1 50% (w/v) sucrose, 40pl protoplasts (2-0 x 10') and 150p1 30% (w/v) polyethylene glycol 2000 (Wako Pure Chemical Co.) in PWP were added successively and mixed. After 2 min on ice, the mixture was diluted with 1.7 ml PWP and then left for a further 5 min on ice. Samples (0.4 ml) of the diluted mixture were placed on R3 regeneration plates and mixed with 3-5 ml soft R3 medium (40-42 "C) containing 0.4% low-melting-point agarose (Bethesda Research Laboratories). Transformants were detected as described previously (Akagawa et al., 1984) .
RESULTS

Isolation of strains carrying pock-forming mutants of plasmid pSK3
As reported previously (Akagawa et al., 1984) , approximately 100% of viable hyphae of cultures of S. kasugaensis MB273 derivatives carrying pSK1* or pSK2* induced pocks (100% pocking efficiency) on a lawn of a plasmid-free strain, but the derivatives differed in their pock morphology. However, strain 18a, a spontaneous mutant of S. kasugaensis MB273 which contained mostly pSK3 with a reduced proportion of pSKl and pSK2 DNA compared to MB273, showed only about 0.1 % pocking efficiency on a lawn of the plasmid-free strain A 1 R6 (Akagawa et al., 1984) . More than 95% of these pocks exhibited a morphology similar to pSK 1 * pocks. Spores and mycelium from these pocks were picked to agar media and the resultant colonies were examined for plasmid content after growth in a liquid medium. All of 100 strains tested contained only one species of plasmid identical with pSKl. The other pocks were similar in morphology to pSK2* pocks. Nineteen out of 20 of these pocks provided colonies containing another species of plasmid identical with pSK2. However, one pock proved to contain a major species of plasmid equivalent to pSK3 together with two minor species of plasmids identical with pSKl or pSK2. When colonies derived from spores and mycelium from 24 pocks induced by this strain were examined for plasmid content, a few of them were found to contain only one species of plasmid identical with pSK3. These strains exhibited 100% pocking efficiency and for this reason the plasmid was named pSK3*.
Two other strains carrying only pSK3 with high pock-forming ability similar to pSK3* were obtained from another strain, S 1 A 1, carrying three species of plasmids, pSK 1, pSK2 and pSK3. Among 200 colonies obtained after protoplasting and regenerating this strain, 20 were found to harbour pSK3 as the major species of plasmid and pSK 1 and/or pSK2 as minor species. Two of these 20 colonies induced pocks on a lawn of the plasmid-free strain A1 R6. Strains derived from 24 pocks from each of these two strains were examined for plasmids. One pock-derived strain from each of the two strains harboured only one species of plasmid, identical with pSK3 in restriction endonuclease cleavage patterns with seven different enzymes. Since these strains exhibited 100% pocking efficiency, their plasmids were regarded as pSK3* variants. A 1 Restriction endonuclease cleavage map of pSK3* The restriction endonuclease cleavage pattern of pSK3* DNA isolated from strain AlR6(pSK3*) and pSK3 DNA isolated from strain 18a was compared. Single digestion of pSK3* with BgfII, EcoRI, KpnI or Sac1 provided fragments identical with those of pSK3 (data not shown). Further analysis of single digestions with BcfI, BamHI and Sun and double digests with BgnI or EcoRI and another restriction endonuclease also provided fragments identical with those of pSK3 (data not shown).
Complete digestion of pSK3* with BgnI yielded four fragments, the largest, 10.9 kb, identical with the BgfII fragment of pSK2* isolated from strain R6N2(pSK2*). The others (6.8, 3.3 and 1.0 kb) appeared identical with those of BgnI fragments of pSK1* isolated from strain R6N2(pSKl*) (Fig. 1) . Furthermore, double digests of pSK3*, pSK1* and pSK2* with BgfII and another restriction endonuclease yielded fragments from pSK3* which were assignable to those from pSKl* and pSK2*. For example, in the double digestions with BgfII/BamHI, and BgfII/EcoRI, pSK3* yielded seven and six fragments, respectively, assignable to those obtained from pSKl* and pSK2*. However, single digestion of pSK3* with BamHI or EcoRI yielded two fragments distinct from those obtained from pSK 1 * and pSK2* (Fig. 1) . Based on these results, and data obtained with other restriction endonucleases, a restriction endonuclease cleavage map of pSK3* was constructed (Fig. 2) . It became obvious that pSK3* was a cointegrate plasmid of pSK1* and pSK2*, as shown later. Since in the single digestion with different restriction endonucleases only BgfII provided fragments identical in size with those from pSK1* and pSK2* (Fig. l) , it appeared that pSK1* and pSK2* were joined close to their BgnI sites.
Pock-forming ability of pSK3* and its resistance to pock formation by pSKI* and pSK2* The restriction pattern of pSK3* suggested that this plasmid might possess two different pock-forming determinants and two different resistance determinants against pock formation equivalent to those of pSK1* and pSK2*. To answer these questions, pSK3* and deletion derivatives obtained from it were characterized in terms of pock formation and pock resistance.
Strain A 1 R6 carrying pSK 1 *, or pSK2* or no plasmid was challenged with A1 R6 containing pSK3*, and vice versa. Strain AlR6(pSK3*) induced pocks on lawns not only of plasmid-free strain A 1 R6, but also of strains A 1 R6(pSK 1 *) and A 1 R6(pSK2*) (Fig. 3) . However, it induced no pocks on lawns of strain AIR6(pSK3*). On the other hand, strains AlR6(pSKl*), AlR6(pSK2*) and AlR6(pSKl*/pSK2*) did not induce pocks on lawns of strain A 1 R6(pSK3*), whereas strain A 1 R6(pSK 1 *) induced pocks on lawns of strain A1 R6(pSK2*), $ R, resistance to pock formation by pSKI* or pSK2* (no pock formation by the strain carrying pSKl* or pSK2* on lawns of the test strain); S, sensitive to pock-formation by pSK2* or pSKl* (a strain carrying pSK2* or pSK 1 * induced pocks on lawns of the test strain). and vice versa (Table 2) . Thus, strain A1 R6 carrying pSK3* showed the same function as that of strain A1R6 carrying both pSKl* and pSK2* in terms of pock formation and pock resistance, indicating that pSK3* carries two pock-forming determinants and two pock-resistance determinants indistinguishable from those of pSK 1 * and pSK2*. This conclusion was confirmed by the analysis of strains carrying deletion derivatives of pSK3*. Four deletion derivatives (pSK3*-Dl-D4) of pSK3* were constructed from a BglII digest of pSK3*, which generated four fragments: A (10.9 kb), B (6.8 kb), C (3.3 kb) and D (1.0 kb) (Fig. 4) . Strain R6N2 containing pSK3*-Dl (11.1 kb) or pSK3*-D4 (10.1 kb), both of which lacked the A fragment corresponding to the pSK2* part of pSK3*, was indistinguishable from the pSK 1 *-containing strain in pock-forming ability and pock resistance (Table 2 ). In contrast, strain R6N2 carrying pSK3*-D2 (10.9 kb), which lacked fragments B, C and D (i.e. the pSKl* domain of pSK3*), was indistinguishable from this strain carrying pSK2* in pock-forming ability and pock resistance. Strain R6N2 carrying pSK3*-D3 (21.0 kb), which lacked the 1.0 kb D fragment of pSKl* and pSK3*, exhibited the same pock-forming ability and pock resistance as this strain carrying pSK3*.
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Plasmid transfer in pock formation
To investigate plasmid transfer from strains containing pSK3* to a plasmid-free strain in pock formation, viable hyphae (200-300) of a diluted culture (0.1 ml) of strain R6N2(pSK3*), obtained by transformation of R6N2 with pSK3* DNA, were plated on a GMY plate together with a large excess of hyphae (5 x lo8) of a culture (0.2 ml) of plasmid-free R6N1 to induce pocks on the lawn of the latter strain. Spores or mycelium from pocks were picked with a tooth pick and suspended in a small volume of water. These suspensions were spread on a GMY plate and incubated. Well-grown colonies were replica plated on diagnostic plates. Almost all the colonies (1000-2000 per pock) obtained from the two pocks examined had the Mal-phenotype identical with that of the strain of the lawn (R6Nl). Twelve colonies derived from each pock (selected at random) were examined for plasmid content. Of these 24 colonies, 19 harboured only pSK3* and the remaining five contained pSK3* and one or two species of plasmids corresponding to pSK 1 * and/or pSK2* (their contents varied depending on the colonies tested) (Fig. 5) . These species of plasmids proved identical with pSKl* or pSK2* in their restriction endonuclease cleavage sites, pock-forming ability and pock resistance.
Since the strain bearing pSK3* (a cointegrate of pSK 1 * and pSK2*) showed the same pock formation behaviour as that of the strain containing both pSK 1 * and pSK2*, it was questionable if its pock formation on lawns of strains carrying pSK 1* or pSK2* resulted from transfer of pSK3* itself or of pSKl* and pSK2* segregated from pSK3*. To answer this question, two kinds of pocks caused by strain R6N2(pSK3*) on lawns of strains R6Nl(pSKl*) and R6Nl(pSK2*) were also examined. All the colonies (1000-2000 colonies per pock) from two pocks on each lawn had the Mal-phenotype of R6N 1. When 12 colonies derived from each pock (selected at random) were examined for their plasmids, the most common class was confirmed by agarose gel electrophoresis to harbour pSK3* together with the plasmid corresponding to pSKl* or pSK2* carried by the strain of the lawn. Some of them (2-4 colonies) seemed to contain both plasmids corresponding to pSK 1 * and SK2* in addition to pSK3*, indicative of segregation. The rest (1-2 colonies) did not contain pSK3* but two species of plasmids
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corresponding to pSK1* or pSK2* (Fig. 5) , and induced pocks on lawns of strains carrying pSK 1 * or pSK2*. When pocks produced by these strains on a lawn of a plasmid-free strain were examined for their plasmid content, strains carrying either one of these plasmids were found, and these plasmids proved identical with pSK 1 * or pSK2* in restriction endonuclease cleavage patterns, pock-forming ability and pock resistance. Plasmid transfer of pSK3*-D3 in pock formation by strain R6N2(pSK3*-D3) was also examined in the same way as described above. Among a total of 120 Mal-colonies from 10 pocks produced on a lawn of plasmid-free strain R6N1, 114 colonies contained pSK3*-D3. However, 19 colonies contained one or two species of plasmids corresponding to pSK2* or pSK3*-D4 in addition to pSK3*-D3, indicating segregation. The remaining six colonies did not contain pSK3*-D3, but one or two species of plasmids corresponding to pSK2* or pSK3*-D4. The transfer of pSK3*-D3 and the occurrence of two species of plasmids corresponding to pSK2* or pSK2*-D4 were also observed in pock formation on lawns of strains carrying pSK 1 * or pSK2* (data not shown).
DISCUSSION
A few strains carrying only pSK3 with high pock-forming ability (pSK3*) were obtained from S. kasugaensis MB273 derivatives 18a and S1 A 1, which harbour three plasmids, pSK 1, pSK2 and pSK3. Restriction endonuclease cleavage of pSK3* yielded fragments which were indistinguishable from those of pSK3 isolated from strain 18a and were assignable to those from pSKl* and pSK2*. Furthermore, characterization of pock formation and pock resistance of pSK3* and its deletion derivatives revealed that pSK3* contained two pock-forming determinants and two pock-resistance determinants corresponding to those of pSK 1 * and pSK2*. Therefore, it was concluded that pSK3* was a composite plasmid consisting of two elements (pSK1* and pSK2*) joined together near their BgnI sites. The Occurrence of pockforming variants of natural plasmids has been reported for SCP2 in S . coelicolor A3(2) (SCP2*; Bibb and for pSKl* and pSK2* from pSKl and pSK2 in S. kasugaensis MB273 (Akagawa et af., 1984) . To our knowledge, pSK3* represents the first report of a plasmid species possessing two replication determinants on the same replicon in the actinomycetes. Many drug-resistance plasmids (R plasmids) of Enterobacteriaceae (Perlman & Rownd, 1976 ; Danbara et al., 1980) and thermophilic bacilli (Imanaka et al., 1984) are composite replicons. In this context, pSK3* is unique since no resistance determinants have been assigned to pSK 1 and pSK2 of S. kasugaensis MB273.
Strains carrying pSK3* or pSK3*-D3 (which lacked the smallest BglII fragment in the pSK 1 * part of pSK3*) were identical with the strain carrying both pSK 1 * and pSK2* in terms of pock formation and pock resistance. This indicates that the BgnI fragment is not essential for the expression of two pock-forming determinants and pock-resistance determinants. This is consistent with the observation that elimination of the smallest BglII fragment from pSK 1 * resulted in no change in pock formation with pSKl* (Akagawa et al., 1984) .
It has been reported that pock formation by SCP2* in S. coelicolor A3(2) , by pIJlOl in S. lividans (Kieser et al., 1982) and by pSKl* and pSK2* in S . kasugaensis MB273 (Akagawa et al., 1984) was associated with plasmid transfer from plasmid-containing cells to plasmid-free cells. In this report the transfer of pSK3* and pSK3*-D3 from their carrier cells to recipient mycelial hyphae of the lawn was also demonstrated in pock zones on lawns of strains carrying pSK 1 *, pSK2* or no plasmid. Therefore, this cointegrate maintains two functional transfer and pock functions. It can form pocks on strains which contain one of the plasmids which form part of the cointegrate. By contrast, strains carrying pSKl* or pSK2* individually are resistant to the pock-forming ability of other strains carrying the respective plasmids, but are not cross-resistant (Table 2) . Strains containing the cointegrate are, however, resistant to pock formation induced by strains containing the individual components of the cointegrate. Therefore, the pock resistance is quite different from plasmid incompatibility in, for example, Escherichia coli (Clowes, 1972) .
